Access (CDMA) systems require the knowledge of several parameters such as timing delay between users. In this paper, the problem of time delay estimation for CDMA systems is examined by proposing an approach based on blind nonlinear least mean squares (LMS) based early-late delay tracker. A system model is developed and a delay tracking algorithm is presented. The simulation results of the proposed delay tracker are compared with the classical delay-locked loop (DLL) approach in a multipath scenario and these show that the proposed delay tracker provides very good performance in challenging cases of closely spaced multipath delays.
INTRODUCTION
With the rapid evolution of wireless technologies during the last decade or so, the emphasis on services offered by wireless carriers has shifted from voice-based services to high data rate applications and value-added services. The widespread use of wireless phones has also generated interest in the area of mobile positioning and tracking, especially for vital emergency and personal safety services and commercial applications such as location sensitive billing, fleet management and Intelligent Transportation Systems (ITS) [1] [2] [3] . Tracking and Location based services (LBS) offer wireless device manufacturers and carriers opportunities to increase revenues by offering users attractive services that are tailored to their location.
Interference mitigation and multiuser detection are important parameters in DS-CDMA systems. A switched interleaving algorithm based on limited feedback for both uplink and downlink DS-CDMA systems in presented in [4] . In the proposed system, interleaving patterns based on received signal to interference plus noise ratio are first pre-stored at transmitter and receiver, and the system then requires the cooperation between the transmitter and the receiver on a low rate feedback channel to send the index of the interleaver to be used. A separate method based on auxiliary vector filter is studied in paper [5] . The auxiliary vector filter based on the Wiener filter is used for anti-multiple access interference results. In another work, a support vector machine learning technique is applied on a chaos-based code division multiple access system in [6] . The proposed idea was to mitigate the multiuser interference for the chaos-based CDMA system. It did involve matrix inversion followed by matrix multiplication, both based on number of users.
Relative propagation delay among users is one of the most important and challenging parameters that must be estimated for a correct detection of the transmitted information in CDMA. The estimation of this parameter must be very accurate because detectors are very sensitive to it as large decoding errors result in the presence of propagation delay errors. To estimate this timing parameter for each user, it is possible to find in the literature several works e.g., [6] [7] [8] [9] [10] [11] using different estimation techniques.
The code synchronization process is performed in two stages: acquisition and tracking. Acquisition is used to coarsely align the received signal with the locally generated PN code to within one chip duration and then tracking is initiated to minimize the delay offset to maintain synchronization between the signals. Code tracking techniques proposed in the literature include closed loop structures, such as the delay-locked loop (DLL) and the tau-dither loop (TDL) [12] , and have extensively been used to perform tracking of delays to minimize the timing error. These loops correlate the incoming signal either simultaneously (in DLL) or alternatively (in TDL) with advanced and delayed versions of the locally generated code (usually one chip or less apart), and the correlators outputs are subtracted to generate an error signal. This error signal is used to adjust a voltage controlled clock (VCC) that derives the local PN code generator to minimize the time delay offset. Other variations of the basic DLL and TDL have also been proposed.
The DLL is suitable for code tracking under additive white Gaussian noise (AWGN) channels, but it suffers severe performance degradation in the presence of multiple-access interference (MAI) and multipath fading. The discriminator characteristic or S-curve of the DLL is distorted and randomly biased by the time-varying multipath and MAI. This results in a tracking bias that not only harms the tracking capability of the loop, but also degrades the performance of the receiver. In this paper, a modified DLL in a multiuser environment is examined that employs an early and late channel with LMS-type algorithm used for the update of the delay estimate.
The rest of the paper is organized as follows. In section II, the system model for asynchronous DS-CDMA is presented, which is followed by early late delay and tracking algorithm discussed in section III. The section IV shows derivation of blind non-linear LMS approach. In section V, simulations are presented to find results of the proposed approach. The conclusions are presented in section VI.
II. THE SYSTEM MODEL
We consider here an asynchronous DS-CDMA system with binary phase shift keying (BPSK) modulation. The transmitted k th user's data signal () k st in a DS/CDMA channel can be modeled by an equivalent complex baseband representation as
where c  is the phase of the carrier, k P is the power and () k bi is the i th information bit transmitted by the k th user given by ( ) T . The combined transmitted signal due to all K users in the channel is thus given by
where () k ht is the channel response associated with the k th user and is given by
at is the amplitude response of the channel and () k t  is the phase response associated with it. The received signal is given by 
III. EARLY LATE DELAY TRACKING ALGORITHM
In this work we propose algorithm based on early late delay tracking by introducing a block for non-linear LMS for update of the delay k  as shown in Figure 2 . The two channels, an early and a late channel, are used for the purpose of delay adjustment. Each channel has a bank of matched filter (MF) and a multiuser interference estimation block shown in Figure 3 .
The top channel is called the early channel as the relative delay to the MF bank is "earlier than" the estimated delay  . Similarly, the other channel is called the late channel as the relative delay to the MF bank is "delayed than" the estimated delay  .
The Figure 3 shows how estimated delay  can be used to generate ˆ( ) Ri can be obtained as follows: (5) and PN Code Generator( Similarly, for the late channel, we have (7) Let ˆ() e ai and ˆ() l ai be the estimated complex amplitudes for the early and late channels, with ˆ( ) The error signal between early and late estimate of the desired symbol is given by (8) If the amplitude and data bits are estimated close enough for each channel, then
IV. DERIVATION OF BLIND NONLINEAR LMS
This algorithm is termed as blind non-linear LMS algorithm as it does not have desired output available to calculate the update error and it has non-linearity because the delay is inside the cosine function. According to well known steepest descent approach [13] , the LMS-type algorithm for the update of delay estimate can be set up as follows: (9) where μ is defined as the step size and J represents the cost function to be minimized which is chosen as the square of the error signal E(i) and is given by (10) Now, for the above differentiations, we have used the following relation [14] Moreover, in the differentiation of cosine terms we have use the approach of [15] In order to evaluate the derivative we employ the methodology of [16] to arrive at -As a result, the derivative of () e kk
Ri is found to be where Similarly,
V. SIMULATION RESULTS AND DISCUSSION
For the purpose of simulation we have considered a typical asynchronous DS CDMA reverse link. We have assumed a Rayleigh fading channel with two users-two path scenario. PN code synchronization follows a procedure of combined tracking/ reacquisition tracking after an initial acquisition. That is, during tracking whenever max 0   , a new acquisition will be initiated and a new tracking follows. This value is set to max 0.5
 
. The spreading code is 128 and Δ=1/32 meaning that the analysis resolution is 1/32. Also we have assumed that the initial time estimates are available from the acquisition stage to within T c /2. Due to power control in CDMA systems, all mobiles are received with nearly the same power. Time delay measurements strongly depend on the received MAI level and we have considered the first arriving timing epoch for the estimation purposes.
First we consider the accuracy of DLL-based time of arrival (TOA) estimation as shown in Figure 4 in the form of the histogram of the residual timing error at the mobile serving base station. It can be seen that the DLL timing error is affected with timing error distributed over ±T c /2 which is the same as initially assumed after the acquisition stage.
Using the timing update as derived in eq. (9) to calculate the timing error for the proposed structure, we immediately see improved results as shown in Figures 5 . The timing error shows significant improvement converging to zero. It is also clear that the variance of timing error for the proposed structure is also less than the classical DLL structure. If compared to the approach discussed in [4] , where the authors use switched interleaving technique to offset interference in CDMA systems, the proposed system in this work is simpler because the interleaver selection in [4] is based on predicting reliably the channel state information for typical delay values. The comparison can also be made with the approach in [6] , where authors use support vector machine for chaos-based CDMA systems. The approach in [6] has common uncertainty of vulnerability to the adversity of the testing environment due to the use of an adaptive learning technique. Besides, it involves multiplications based on number of users in the system, thus it ends up in having more multiplications than even the MMSE detector. Histograms for PDF's of DLL timing error (normalized by Tc) Figure 5 .
Histogram of the timing error for LMS based delay tracker (normalized by Tc)
VI. CONCLUSIONS
In this paper, it was shown that the realization of code synchronization is a challenging problem in DS-CDMA systems. A new synchronization method was proposed using a blind nonlinear LMS approach. Analytical expressions and simulation results show that the proposed method performs better than the classical DLL approach in a closely spaced multipath environment. 
